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Abstract The synchronization of the circadian signals to
external or suprachiasmatic nucleus stimulation in the
peripheral clocks is essential for maintaining the usual
function of human body. However, aging will disrupt the
synchronization of peripheral circadian rhythms, thus
leading to some age-associated diseases. Up to now, little is
known about the modification of the oscillatory rhythms in
aged cells. A recent report showed that cell senescence in
vascular human smooth muscle cells (HSMCs) altered
circadian rhythms by a dysregulation of rhythmic gene
expression. Furthermore, this alteration could be reversed
by telomerase reconstitution. To test whether telomerase
reconstitution can restore disrupted circadian rhythm in
other types of senescent cells, we used fibroblasts as cell
models to profoundly investigate the relationship between
cell senescence and circadian rhythm modulation. We
found that the response of rhythmic gene expression to
serum stimulation was markedly attenuated in senescent
fibroblasts, telomerase-reconstituted fibroblasts reset the
circadian oscillation of rhythmic gene expression, and the
activation of pERK-CREB and p38-CREB pathways might
be involved in the circadian rhythm resetting. These find-
ings suggested that telomerase reconstitution might be a
good way to reset synchronization of peripheral circadian
rhythms disrupted in senescent tissues.
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Introduction
Clinical and experimental studies have illustrated the
ubiquity and importance of circadian rhythms in both
animals and humans, constituting a basic characteristic of
life [1]. There is evidence indicating that circadian rhythms
of older people are different from those of the younger.
Older people often have reduced amplitude of circadian
rhythms and earlier circadian phases than younger adults,
and have more trouble to tolerate abrupt phase shifts such
as jet travel and night work [2]. Impairment of the rhythms
for blood pressure, locomotor activity, core body temper-
ature, and the sleep/wake cycle often occur with advancing
age, thus resulting in various age-associated diseases [3]. It
appears that disruption of circadian rhythms during aging is
paralleled by age-related alterations in the neural organi-
zation of the suprachiasmatic nucleus (SCN), suggesting
that the circadian pacemaker in the human brain becomes
progressively disturbed during aging [4]. There is also
evidence indicating that cellular senescence affects syn-
chronization of the circadian signals to external or SCN
stimulation in the peripheral clocks, and impairs the
peripheral circadian rhythm which is essential for main-
taining the usual function of human body [5]. The
molecular mechanisms by which aging alters mammalian
circadian rhythms are not fully disclosed. It has been
shown that the expression of rhythmic genes was dysreg-
ulated by aging [6]. Recently, Kunieda et al. [7]
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demonstrated that the expression of rhythmic genes was
attenuated in senescent vascular human smooth muscle
cells (HSMCs) after serum shock, and introduction of tel-
omerase prevented this senescence-associated decrease in
the oscillation of rhythmic genes, suggesting that telome-
rase reconstitution might be used to overcome the
impairment of circadian rhythm in senescent HSMCs.
However, whether this phenomenon exists in other types of
cells remained unknown. In the present study, we tried to
elucidate the relationship between cell senescence and
rhythmic gene expression in fibroblasts, and investigate if




Human fibroblasts were established by outgrowth from a
foreskin biopsy specimen from a healthy 8-year-old child
with informed consent and institutional approval. Telome-
rase reconstitution was performed by transfection of
fibroblasts with plasmid pGRN145 (provided by Geron
Company, USA) bearing the full length cDNA insert of
human telomerase reverse transcriptase (hTERT) using the
Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA,
USA), and the control fibroblasts were made simply by
transfecting with mock plasmid [8]. The positive clone cells
were selected by 300 lg/ml hygromycin B and maintained
in DMEM supplemented with 50 lg/ml hygromycin B and
10% fetal bovine serum, and passaged routinely.
Detection of telomerase activity
Telomerase activity was detected by TRAPeze Telome-
rase Detection Kit (Chemicon, Temecular, CA, USA)
according to the manufacturer’s instructions. Briefly, cells
were digested and collected and 200-ll lysis buffer was
added prior to centrifugation for telomerase extraction.
Total protein concentration was measured using the BCA
protein assay kit (Pierce, Rockford, IL, USA) and diluted to
2 lg/ll. Telomerase activity was determined in 2-ll sam-
ples of the diluted solution. The telomerase reaction
mixture includes telomerase extraction, TRAP-buffer, TS
primer, CX primer, dNTP and PCR-grade water in a total
volume of 50 ll. During the 25-min incubation at room
temperature the TS primer is used by telomerase if present
for the addition of TTAGGG repeats. After incubation,
each sample was subjected to 30 cycles of PCR at 94C
(45 s), 52C (45 s), and 70C (60 s). Half the reaction was
run on an 8%-non-denaturing poly acrylamide gel, after
which the gel was dyed with SYBR-Green (Novex,
San Diego, CA, USA) and analyzed by a gel image (ana-
lyzing) system (GEL work ID Advanced 4.01, USA).
Southern blot analysis of terminal restriction fragment
(TRF)
Cell genomic DNA from fibroblasts was extracted and
digested with Hinf I and Rsa I. The digested DNA was
resolved in 0.5% agarose gels and then transferred to nylon
membranes. The blot was hybridized with DIG-labeled
(CCCTAA)3 and the signals were tested by DIG Lumi-
nescence Detection Kit (Boehringer-Mannheim) according
to the manufacturer’s instructions. Mean TRF length was
defined as R(ODi  Li)/R(ODi), where ODi is the signal
intensity and Li is the length of the DNA at position i. The
amount of telomeric DNA was calculated by integrating
the volume of each smear using ImageQuant software
(Molecular Dynamics).
Detection of senescence-associated (SA)
b-galactosidase activity
Higher value of b-galactosidase is considered as a good
marker for senescent cells [9]. The mechanism of this is
believed to be due to the increased lysosomal content of
senescent cells, resulting in an increase of the lysosomal
enzyme b-galactosidase [9]. We detect SA-b-galactosidase
using Senescence Colorimetric Assay Kit (Calbiochem, San.
Diego, CA, USA). Briefly, cells grown on cover glass were
washed in PBS, fixed for 3–5 min, and incubated at 37C
with fresh senescence-associated b-Gal (SA-b-Gal) stain
solution for 20 h. Stained specimens were examined for the
presence of b-galactosidase activity, as indicated by blue
staining. The numbers of b-galactosidase-positive cells
and total cells were counted under microscope, b-galactosi-
dase positive ratio equals (The numbers of b-galactosidase-
positive cells)/(The numbers of total cells) 9 100%.
Serum stimulation
The cellular senescent phenotypes were confirmed through
telomere length detection and b-galactosidase activity
assay described above. Mock fibroblasts from passages 4 to
8 were designated as young fibroblasts, from passages 37 to
39 were designated as senescent fibroblasts, and fibroblasts
with telomerase reconstitution were designated as hTERT
fibroblasts. The serum-shocked cells are commonly used in
in vitro models of circadian expression of rhythmic genes
[10], so the serum shock procedure was performed to
generate circadian expression of rhythmic genes in the
present study. Briefly, when fibroblasts grow to nearly
confluence, the cells were shifted to serum-free DMEM
(Sigma, St. Louis, MO, USA) and incubated for 48 h. The
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medium was changed to DMEM supplemented with 50%
fetal bovine serum and incubated for 2 h, after which the
medium was replaced with serum-free DMEM. At the
indicated time points after serum stimulation, cells were
harvested and stored at -80C until use.
Rhythmic gene expression detected by RT-PCR
RT-PCR was used to determine the expression of Per2,
BMAL1 and Clock gene every 4 h for 48 h after serum
stimulation. Total RNA was isolated from cells using Trizol
reagent (Invitrogen Life Technologies, Carlsbad, CA, USA)
according to the manufacturer’s instructions. cDNA was
produced using reverse transcriptase (Omniscript, Qiagen,
Hilden, Germany). Briefly, each 20-ll reaction contained
500 lM dNTP, 1 lM random decamers, 1 unit reverse
transcriptase, and 2.5 lg of total RNA. The reaction was
conducted at 37C for 60 min and then 92C for 10 min to
end the reaction. The PCR reactions were performed using a
PCR Kit (Ampli-Taq Gold; Perkin-Elmer, Wellesley, MA,
USA) with conditions at 95C for 1 min, 58C for 1 min,
68C for 90 s for 32 cycles. b-actin mRNA, a housekeeping
gene, was used as an internal control. Primer sequences

















PCR products of Per2 (216 bp), BMAL1 (319 bp), Clock
(283 bp), and b-actin (382 bp) were resolved on 1.5%
agarose gels and visualized with SYBR-Green. NIH image
was used to measure the densities of the PCR products, and
the RNA values were normalized to b-actin as the internal
control.
Detection of mitogen-activated protein kinase (MAPK)
cascades through Western blot
Many reports have demonstrated that the MAPK cascades
are crucial regulators of the circadian clocks [11, 12]. To
investigate if MAPK cascades play a role in the restoration
of circadian rhythm in hTERT fibroblasts, we examined the
expression of the main MAPKs including phospho-ERK,
phospho-p38, phospho-STAT/JNK and their important
downstream effector CREB. As described above, fibro-
blasts were cultured in serum-free DMEM (Sigma, St.
Louis, MO, USA) for 48 h, then the medium was changed
to DMEM supplemented with 50% fetal bovine serum and
incubated for different periods of time (0–30 min). Cells
were collected and Western blot was performed to detect
phospho-ERK, phospho-P38, phospho-STAT/JNK, and
phospho-CREB values at indicated time points after serum
stimulation. Briefly, cell lysates were prepared by sus-
pending cell pellets in lysis buffer (10 mM Tris–HCL PH8,
140 mm Nacl, 5 mm EDTA, 0.025%NaN, 1%Triton X-
100, 1% deoxycholate, 1%SDS, 1 mM PMSF, 5 lg/ml
leupeptin, 2 lg/ml aprotinin, 50 mM NaF, and 1 mM
Na2Vo3). Protein concentration was measured using the
BCA protein assay kit (Pierce, Rockford, IL, USA). Equal
amounts of protein (30 lg) were separated on SDS-poly-
acrylamide gels by electrophoresis and then transferred on
PDF membrane (Amersham, Piscataway, NJ, USA). The
membranes were blocked with non-fat milk and then
incubated with the primary antibody, followed by incuba-
tion with horseradish peroxidase ligated corresponding
secondary antibody. The signals were visualized by ECL
detection system (Amersham, Piscataway, NJ, USA). The
primary antibodies used for Western blot were as follows:
anti-phospho-ERK (1:1500 dilution), anti-phospho-P38
(1:1000 dilution), anti-Phospho-JNK1 (1:1000 dilution),
and anti-phospho-CREB (1:1000 dilution) (Santa Cruz
Biotechnology, Santa Cruz, CA, USA). Expression of
b-actin was also measured as an internal loading system
control using anti-b-actin antibody (1:2000 dilution, Santa
Cruz Biotechnology, Santa Cruz, CA, USA). NIH image
was used to measure the densities of the protein signals,
and the protein values were normalized to b-actin.
Detection of rhythmic gene expression after MAPK
inhibition
MAPK inhibitors were used to investigate the exact
effector of MAPK cascades which affect rhythmic gene
expression in telomerase-reconstituted fibroblasts. Before
serum stimulation, U0126 (MEK inhibitor, Promega, Hei-
delberg, Germany) or SB239063 (P38 inhibitor,
Calbiochem, San Diego, CA, USA) was added to serum-
free DMEM and incubated for 50 min. After stimulation by
high concentrations of serum, cells were collected at
indicated time points. The expressions of phospho-ERK
and phospho-CREB were detected by Western blot as
described above. As BMAL1 gene is thought to be the
typical member of core circadian clock components in
Mol Cell Biochem (2008) 313:11–18 13
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eukaryotes [13], BMAL1 value was detected to evaluate the
MAPK effect on rhythmic gene expression. The expression
of BMAL1 gene was detected by RT-PCR as described
above.
Statistical analysis
The presence of a 24-h rhythm was tested by cosinor
according to Halberg [14]. P-value was obtained from test
of zero-amplitude (no-rhythm) assumption, and P B 0.05
indicated the presence of a statistically significant circadian
rhythm. The double amplitude, a measure of the extent of
predictable change within a day, was estimated with its
95% confidence limit.
Results
Telomerase reconstitution in fibroblasts
We examined whether transfection with hTERT reconsti-
tuted telomerase activity. The results showed fibroblasts
were positive for TRAP assay after transfection with
hTERT, with mock transfected cells being negative
(Fig. 1a). The mean telomere lengths of different cultures
were also determined (Fig. 1b). As expected, serial pas-
saging of mock fibroblasts resulted in a decrease in
terminal restriction fragment (TRF) from 7.5 kb at passage
6 to about 5.4 kb at passage 38. The hTERT fibroblasts
showed a stabilized telomere at around 6–8 kb and
remained at this length during continuous culture. The
b-galactosidase positive ratio of hTERT-fibroblasts is
about 20%, which is much less than that of senescent
fibroblasts (about 80%), suggesting that the hTERT-fibro-
blasts retain a young phenotype (Fig. 2).
Fibroblasts with or without telomerase reconstitution
were cultured continuously. Fibroblasts without telomerase
reconstitution underwent irreversible growth arrest after
passage 40. Fibroblasts with telomerase reconstitution sig-
nificantly extended the lifespan to[passage 160, senescence
was overcome, and no subsequent crisis was observed.
Telomerase reconstitution reverses circadian rhythm
impairment associated with cellular senescence
Cells stimulated by serum were harvested and the expres-
sion of rhythmic genes examined by RT-PCR analysis
(Fig. 3). This experiment repeated for 4 times and data
series from all four repeats of the experiment put together
were analyzed by cosinor (Table 1). Per2 mRNA value
peaked around 4 h and decreased around 16 h after serum
stimulation, whereas BMAL1 and Clock mRNA oscillations
were antiphase to that of Per2, with peak value about 12 h
Fig. 1 Telomerase reconstitution in hTERT fibroblasts. (a) Telome-
rase activity was examined by telomeric repeat amplification protocol
assay. Fibroblasts were positive for TRAP assay after transfection
with hTERT (passage 79, lane 1), with mock transfected young
fibroblasts (passage 6, lane 2) and senescent fibroblasts (passage 38,
lane 3) being negative. IC indicated internal control for Taq
amplification of telomere extension products. (b) Telomere length
was estimated by Southern blot analysis. kDNA-Hindb was used as
DNA marker and the length was given in kilobases (kb). Telomere
length of young fibroblasts at passage 6 was 7.5 kb (lane 1), senescent
fibroblasts at passage 38 was 5.4 kb (lane 2), hTERT fibroblasts at
passages 40 and 79 were both 7.2 kb (lanes 3 and 4)
Fig. 2 Senescent-associated b-galactosidase expression. We detected
SA-b-galactosidase using Senescence Colorimetric Assay Kit. The
b-galactosidase positive ratio was counted in young (passage 6),
senescent (passage 38), and hTERT (passage 79) fibroblasts. The
experiment was repeated for four times. Data were analyzed first by
one-way analysis of variance (ANOVA) and then least significant
difference (LSD) test using SPSS software 11.0. The b-galactosidase
positive ratio of hTERT fibroblasts was about 20%, which was much
less than that of senescent fibroblasts (about 80%). * Compared with
senescent fibroblasts, P \ 0.05, n = 4
14 Mol Cell Biochem (2008) 313:11–18
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after stimulation, and reference value at 24 h after treat-
ment (Fig. 3). In young fibroblasts, the mRNA values for
Bmal1, Clock, and Per2 exhibited significant circadian
oscillations after serum stimulation (P \ 0.05, Table 1). In
senescent fibroblasts, the response of rhythmic gene
expression to serum stimulation was markedly attenuated,
the expression showed no obvious circadian rhythm
(P [ 0.05, Table 1). The amplitudes of Per2, Bmal1, and
Clock mRNA for senescent fibroblasts were significantly
smaller than those for young fibroblasts (Fig. 3, Table 1).
In contrast, telomerase-reconstituted fibroblasts recovered
the significant circadian oscillation of Per2, BMAL1, and
Fig. 3 Expression of rhythmic
genes after serum stimulation.
Per2, BMAL1, and Clock
mRNA for young fibroblasts
(passage 6), senescent
fibroblasts (passage 38), and
hTERT-fibroblasts (passage 79)
were detected by RT-PCR.
b-actin served as a control and
rhythmic gene expression was
standardized on the basis of
b-actin expression. The
corrected value at time 0 in
young fibroblasts was
designated as 1. The experiment
was repeated for 4 times and the
typical result is shown here.
BMAL1 and Clock mRNA
oscillations were antiphase to
that of Per2. The amplitudes of
Per2, BMAL1, and Clock
mRNA for senescent fibroblasts
were significantly smaller than
those for young fibroblasts. In
contrast, the amplitudes of the
Per2, BMAL1, and Clock
mRNA increased in telomerase-
reconstituted fibroblasts, and the
expression patterns of the three
genes were similar to those in
young fibroblasts
Table 1 Results from cosinor fit of 24-h cosine curve
Group P-value Amplitude
Per2 BMAL1 Clock Per2 BMAL1 Clock
Young 0.015 0.002 0.008 0.346 0.330 0.342
Senescent 0.802 0.698 0.833 0.078 0.062 0.075
hTERT 0.004 0.006 0.011 0.379 0.341 0.385
P: P-value from test of zero-amplitude (no-rhythm) assumption, P B 0.05 indicated the presence of a statistically significant circadian rhythm
Amplitude: A measure of the extent of predictable change within a day
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Clock mRNA expression (P \ 0.05, Table 1), the ampli-
tudes were increased, and the expression patterns were
similar to those in young fibroblasts (Fig. 3, Table 1).
MAPK cascades activated by serum stimulation
and their roles in the coordination of rhythmic gene
expression
To investigate if MAPK cascades play a role in the resto-
ration of circadian rhythm in hTERT fibroblasts with
telomerase reconstitution, we examined the expression of
the main MAPKs including phospho-ERK, phospho-p38,
phospho-STAT/JNK, and their important downstream
effector CREB after serum shock. In young fibroblasts,
phosphorylation of ERK, P38, and CREB started to
increase as early as 5 min after being treated with high
concentrations of serum, but this increase was significantly
smaller in senescent fibroblasts, whereby in hTERT fibro-
blasts, this response restored as phospho-ERK and
phospho-p38 increase after serum treatment. Phospho-
JNK1 value had no obvious increase after serum stimula-
tion (Fig. 4a). This result suggested that phospho-p38 and
phospho-ERK might play important roles in the coordina-
tion of rhythmic gene expression in fibroblasts.
MAPK inhibitors were used to profoundly investigate
the critical effector of MAPK cascades which affected
rhythmic gene expression in fibroblasts. Additional treat-
ment with U0126 or SB239063 obviously inhibited the
phosphorylation of CREB, and the circadian oscillation of
BMAL1 which is thought to be the typical member of core
circadian clock components in eukaryotes was impaired,
the amplitude and peak value of BMAL1 decreased after
serum stimulation (Fig. 4b, c), which suggested that both
pERK and p38 pathway were involved in the restoration of
circadian oscillation of rhythmic genes after telomerase
reconstitution.
Discussion
The synchronization of the circadian signals to external or
SCN stimulation in the peripheral clocks is essential for
maintaining the usual function of human body. However,
aging will disrupt the synchronization of peripheral circa-
dian rhythms, thus leading to some age-associated diseases
[5]. Although it has been demonstrated that the peripheral
clock is responsive to a variety of stimuli and some
molecular mechanisms have been already elucidated [15],
little is known about the modification of the oscillatory
rhythms in aged cells. Recently, the work of Kunieda [7]
elucidated the molecular mechanisms underlying the loss
of circadian rhythm in senescent HSMCs. They found
that cell senescence altered circadian rhythms by a
dysregulation of clock gene expression, and this alteration
could be reversed by telomerase reconstitution. To test
whether telomerase reconstitution can restore disrupted
circadian rhythm in other types of senescent cells, we used
fibroblasts as a cell model to profoundly investigate the
relationship between cell senescence and circadian rhythm
modulation. As shown in the present study, the response of
rhythmic gene expression to serum stimulation was mark-
edly attenuated in senescent fibroblasts, but telomerase
reconstituted fibroblasts reset the circadian oscillation of
rhythmic gene expression, and the activation of pERK-
CREB and p38-CREB pathways might be involved in the
circadian rhythm resetting. The same results were also
obtained from examination of another two telomerase-
reconstituted fibroblasts, which showed recovered circa-
dian oscillation of rhythmic gene expression and restored
sensitivity of ERK or p38 reaction to environmental stim-
ulation (data not shown).
Fibroblasts are good in vitro models to study peripheral
circadian rhythms [16]. After being dissected from live
tissue, single mammalian fibroblasts can persist robust
rhythms for at least 1–2 weeks in culture, then the rhythms
will diminish due to phase drift [17]. However, serum
shock is able to trigger the circadian oscillation of rhythmic
gene expression in fibroblasts. Therefore, serum-shocked
fibroblasts can be used to investigate synchronization of
peripheral circadian rhythms [18]. The intracellular feed-
back loops of rhythmic genes are important for maintaining
circadian rhythms [19]. In mammals, CLOCK and BMAL1
form a heterodimer and then activate transcriptions of the
Per and Cry genes. Per and Cry protein products translo-
cate from the cytoplasm to the nucleus, acting as negative
regulators of Clock/BMAL-1 complex, repressing their
own transcription [20]. Further, BMAL-1 gene transcription
is negatively regulated by REV-erba, whose transcription
is activated by Clock/BMAL-1 [21]. This mechanism
accounts for the circadian oscillation of Bmal-1 expression
which is in antiphase with Per expression. Oscillation in
the transcription of these rhythmic genes plays a critical
role in the generation or synchronization of circadian
rhythms [22]. In the present study, the expression of Per2,
BMAL1, and Clock gene was determined every 4 h for 48 h
after serum stimulation, and covering two cycles ensured
the reproducibility of the circadian pattern. As we have
shown, the serum stimulation did not activate obvious
circadian oscillation of rhythmic gene expression in
senescent fibroblasts, which indicated that senescent
fibroblasts lost the usual synchronization to SCN or sur-
rounding stimulation. This phenomenon could be reversed
by telomerase reconstitution, suggesting that telomerase
reconstitution might be a good way to reset synchroniza-
tion of peripheral circadian rhythms disrupted in senescent
tissues.
16 Mol Cell Biochem (2008) 313:11–18
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Fig. 4 MAPK cascades activated by serum stimulation. (a) The
young (passage 6), senescent (passage 38), and hTERT (passage 79)
fibroblasts were stimulated with high concentration of serum, the cell
lysates were prepared and examined to determine the value of
phosphor-CREB, phospho-ERK, phosphor-p38, and phosphor-JNK1
by Western blot analysis. b-actin served as a loading control. The
MAPK cascade values at 30 min after serum shock were standardized
on the basis of b-actin expression. The experiment repeated for four
times. Data were analyzed first by one-way analysis of variance
(ANOVA) and then least significant difference (LSD) test using SPSS
software 11.0. In young fibroblasts, phosphorylation of ERK, p38, and
CREB started to increase as early as 5 min after treatment with high
concentrations of serum, but this increase was significantly smaller in
senescent fibroblasts, whereby in hTERT fibroblasts, this response
restored as phospho-ERK and phospho-p38 increased after serum
treatment. Phospho-JNK1 value had no obvious increase after serum
stimulation. * Compared with young or hTERT fibroblasts, P \ 0.05,
n = 4. (b) hTERT fibroblasts were pre-treated with MEK inhibitor
U0126, then stimulated with high concentrations of serum, and
harvested at the indicated time points. Phospho-ERK and phospho-
CREB were detected by Western blot and BMAL1 mRNA value was
detected by RT-PCR as described above. The experiment was
repeated for 4 times and the typical result is shown here. It showed
that U0126 treatment obviously decreased phospho-CREB value, and
the circadian oscillation of BMAL1 was impaired, for the amplitude
and peak value of BMAL1 obviously decreased. (c) hTERT fibroblasts
were pre-treated with p38 inhibitor SB239063, then stimulated with
high concentrations of serum, and harvested at the indicated time
points. Phospho-CREB was detected by Western blot and BMAL1
mRNA value was detected by RT-PCR as described above. The
experiment was repeated for 4 times and the typical result is shown
here. It showed that SB239063 significantly inhibited the phosphor-
ylation of CREB, and the circadian oscillation of BMAL1 was
impaired
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Many reports have demonstrated that the mitogen-acti-
vated protein kinase (MAPK) cascades are key regulators
of the circadian clocks. The MAPK cascades are thought to
mediate Ca2+-dependent CREB phosphorylation [11], and
activation of CREB has been indicated in the generation of
circadian rhythm in cells as well as in the SCN [12]. In the
present study, we showed that CREB activation was an
important pathway for the induction of circadian expres-
sion of rhythmic genes in fibroblasts. In both young and
telomerase-reconstituted fibroblasts, phosphorylation of
CREB started to increase as early as 5 min after serum
stimulation, whereas activation of CREB was significantly
weaker in senescent fibroblasts after serum treatment.
Furthermore, similar to young fibroblasts (data not shown),
the activation of CREB in telomerase-reconstituted fibro-
blasts could be inhibited by SB239063 (p38 inhibitor) or
U0126 (MEK inhibitor), suggesting that both pERK-CREB
and p38-CREB pathways were critical in the initiation of
synchronization of circadian clock after telomerase
reconstitution. However, this result was different from
Kunieda et al.’s, as they found that p38-CREB pathway
had no effects on modulation of rhythmic gene expression
after serum shock in HSMCs [7], suggesting that the sig-
naling pathways regulating rhythmic gene expression were
cell specific. As to fibroblasts, how pERK-CREB and p38-
CREB activations modulate rhythmic gene expression, and
the mechanism by which telomerase reconstitution restores
the sensitivity of ERK or p38 reaction to environmental
stimulation need further studies.
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